Aims/Introduction: Sodium-glucose co-transporter 2 inhibitors are a promising treatment for type 2 diabetes mellitus, but are associated with concerns about specific adverse drug reactions. We carried out a 1-year post-marketing surveillance of tofogliflozin, a novel agent in this class, in Japanese elderly patients with type 2 diabetes mellitus and here report the results of a 12-week interim analysis, focusing on adverse drug reactions of special interest. Materials and Methods: The present prospective observational study included all type 2 diabetes mellitus patients aged ≥65 years who started tofogliflozin during the first 3 months after its launch. Data on demographic and baseline characteristics, clinical course and adverse events were collected. Results: Of 1,535 patients registered, 1,506 patients whose electronic case report forms were collected and who had at least one follow-up visit were included in the safety analysis at 12 weeks. A total of 178 of 1,506 patients (11.82%) had at least one adverse drug reaction to tofogliflozin. The incidence of adverse drug reactions of special interest (polyuria/pollakiuria, volume depletion-related events, urinary tract infection, genital infection, skin disorders and hypoglycemia) was 2.19, 2.32, 1.33, 1.13, 1.46 and 0.73%, respectively. No new safety concerns were identified. Among those evaluable for clinical effectiveness, the mean (standard deviation) glycated hemoglobin decreased from 7.65% (1.35%) at baseline to 7.25% (1.16%) at 12 weeks by 0.39% (0.94%; P < 0.0001).
INTRODUCTION
The Japanese type 2 diabetic and prediabetic population as of 2012 was estimated at approximately 20.5 million (approximately 9.5 million diabetes and approximately 11.0 million prediabetes) 1 . Sodium-glucose co-transporter 2 (SGLT2) inhibitors are a new class of oral antidiabetic agents that exert their antidiabetic effects by inhibiting reabsorption of glucose in the proximal renal tubule and thereby promoting urinary glucose excretion 2 . SGLT2 mediates the active transport of glucose into a cell using the sodium gradient across the cell membrane. This transporter is localized in the proximal renal tubule, and is responsible for approximately 90% of glucose reabsorption in the kidney. Inhibition of SGLT2 leads to a suppression of renal glucose reabsorption and an increase of urinary glucose excretion, resulting in decreased blood glucose levels. Because the effect of SGLT2 inhibitors is not insulin-dependent, they have a low potential for inducing hypoglycemic events 3 . Additional advantages of SGLT2 inhibitors include their ability to cause weight loss through urinary glucose excretion and their mild antihypertensive effect. Thus, they are drawing attention as a class of agents with ideal characteristics to achieve the prevention of diabetic complications 4 . SGLT2 inhibitors hold promise as a treatment with a novel mechanism of action and therefore, this drug class has been widely used in many countries as a treatment for diabetes. In the USA, SGLT2 inhibitors have been proposed as second-line agents in the treatment of type 2 diabetes in the 2015 Standards of Medical Care in Diabetes 5 . However, physicians refrain from use of SGLT2 inhibitors in Japan because of concerns about the safety, especially adverse drug reactions that are recognized as the class effects of SGLT2 inhibitors, such as urinary tract and genital infections, ketoacidosis, dehydration, and events resulting from dehydration. These concerns led to the issue of 'Recommendations on the proper use of SGLT2 inhibitors' by an expert group after the first agent was launched in April 2014. This statement recommends that information should be collected on adverse drug reactions usually seen with antidiabetic agents in general (e.g., hypoglycemia), as well as adverse drug reactions specific to SGLT2 inhibitors, including urinary tract and genital infections, ketoacidosis, dehydration, cerebral infarction and dermatological symptoms. It also emphasizes that SGLT2 inhibitors should be used with care in elderly patients when considering their eligibility for the treatment 6 . Tofogliflozin is a novel, highly selective SGLT2 inhibitor developed in Japan for the treatment of type 2 diabetes 7 . According to the recommendation statement and to the risk management plan 8 for tofogliflozin, we initiated a post-marketing special drug use surveillance of tofogliflozin in elderly patients with type 2 diabetes 9, 10 . This surveillance was carried out according to the agreement with the regulatory agency in order to investigate the safety and effectiveness of the drug in elderly patients in routine clinical practice during the early post-marketing period. The surveillance registered all elderly patients (whenever possible) who started treatment with tofogliflozin during the early post-marketing period. Patients enrolled were followed up for 1 year from the date of treatment initiation, and we carried out an interim analysis when the first 12 weeks of data became available. Here, we report the safety and effectiveness results from this interim analysis.
MATERIALS AND METHODS
This surveillance was a prospective observational study designed to investigate the safety and effectiveness of two tofogliflozin hydrate products, Deberza ® 20 mg tablet (Kowa Company, Ltd., Nagoya, Japan) and Apleway ® 20 mg tablet (Sanofi K.K., Tokyo, Japan), in real-world patients with type 2 diabetes aged 65 years and older during the early post-marketing period, co-sponsored by the manufacturers. All institutions that received a supply of a tofogliflozin hydrate product and started to use the product in elderly patients during the first 3 months after its launch were invited to participate in the surveillance whenever possible. This surveillance was carried out from 23 May 2014 to 31 October 2015, in accordance with the ministerial ordinance on Good Post-marketing Study Practice.
Participants
The surveillance registered type 2 diabetes patients aged ≥65 years who started treatment with tofogliflozin during the period from 23 May to 22 August 2014 (all patients whenever possible) using a central registration system. Each patient was followed up for 1 year (52 weeks) from the date of treatment initiation.
Data collection and assessments
Data on demographic and baseline characteristics, details of tofogliflozin treatment, previous antidiabetic treatment and concomitant antidiabetic and non-antidiabetic treatment, clinical course (vital signs, glycated hemoglobin [HbA1c], fasting blood glucose, laboratory tests), and adverse events were recorded in electronic case report forms (eCRFs) and submitted to the sponsors in two separate times after data had been collected for 0-12 weeks and 13-52 weeks after treatment initiation, respectively. The safety variables to be assessed included the type, severity, and incidence of adverse drug reactions and adverse drug reactions of special interest (polyuria/pollakiuria, volume depletion-related events, urinary tract infection, genital infection, hypoglycemia and skin disorders), and changes in laboratory parameters and bodyweight. Adverse drug reactions were also examined according to age and the level of renal function. The effectiveness variable was the effect on glycemic control (change in HbA1c from baseline). An electronic data capture system was used for patient registration and data collection.
Statistical analysis
Data for 0-12 weeks after treatment initiation were included in this interim analysis. The actual follow-up period was up to 126 days, because a maximum of a 6-week (42-day) delay was allowed for the assessment at 12 weeks (84 days). The safety analysis set was defined as all patients for whom eCRFs were collected, excluding those with no follow-up visits after baseline. The effectiveness analysis set was defined as patients with effectiveness data among the safety analysis set. The Fisher's exact test or the Cochran-Armitage trend test were used to investigate the association of the incidence of adverse drug reactions with age and renal impairment. Measurements at baseline and after treatment were compared using the paired Student's t-test. The significance level was two-sided 5%. Adverse drug reactions were coded using the Medical Dictionary for Regulatory Activities/Japanese edition (MedDRA/J) version 18.0. Missing data at 12 weeks were imputed with the last observation carried forward (LOCF) method, and the change from baseline to 12 weeks was calculated using LOCF data (the value at 12 weeks with LOCF minus the value at baseline).
RESULTS

Patient disposition
A total of 1,535 patients from 597 institutions were registered, and eCRFs were collected from 1,510 patients. For the remaining 25 patients, eCRFs could not be retrieved because of facility closure after enrollment or lack of cooperation by the physicians. After excluding four patients with no follow-up visits after baseline, 1,506 patients were included in the safety analysis set. Of these, effectiveness data were not available for 111 patients, and thus the effectiveness analysis set comprised 1,395 patients ( Figure 1 ).
Among 1,506 patients in the safety analysis set, the mean (standard deviation) follow-up period was 88.6 days (26.2 days). In total, 279 patients (18.53%) discontinued tofogliflozin within the first 12 weeks of treatment. Adverse events were the most common reason for treatment discontinuation (120 patients; 7.97%), and other reasons included limited or no response (67 patients; 4.45%), patient request (40 patients; 2.66%) and failure to attend scheduled visits (19 patients; 1.26%).
Patient characteristics
Patient characteristics are presented in Table 1 . The mean age of the patients was 72.4 years, with 66.7% aged ≥65 to <75 years, and 47.7% being men. At baseline, the mean HbA1c was 7.65%, the mean body mass index (BMI) was 26.8 kg/m 2 (≥25.0 to <30.0 kg/m 2 for 32.4%) and 39.0% had an estimated glomerular filtration rate (eGFR) of ≥60 to <90 mL/min/ 1.73 m 2 . A total of 11.5% had received no previous pharmacological treatment, and 18.6% started to receive tofogliflozin as monotherapy at the beginning of the surveillance.
The status of antidiabetic treatment at the time of tofogliflozin initiation was as follows: one or more agents in the previous treatment were replaced by tofogliflozin in 420 patients; the previous treatment was continued without dose reduction and combined with tofogliflozin in 878 patients; the previous treatment was continued with dose reduction and combined with tofogliflozin in 25 patients; no previous treatment had been given in 173 patients; status unknown or unclassified for 10 patients. A total of 80 patients discontinued sulfonylurea therapy on tofogliflozin initiation. The use of insulin or meglitinide therapy was similar before and after the initiation of tofogliflozin.
Safety results
Among 1,506 patients included in the safety analysis set, 178 patients (11.82%) had 254 adverse drug reactions to tofogliflozin ( Table 2 ). The most common adverse drug reactions were pollakiuria (26 events; 1.73%), dehydration (15 events; 1.00%), hypoglycemia (11 events; 0.73%), cystitis (10 events; 0.66%) and nocturia (9 events; 0.60%).
Serious adverse drug reactions were reported in 16 out of 1,506 patients (1.06%). By system organ class, these included: nervous system disorders in nine patients (0.60%; cerebral infarction [3 events], loss of consciousness [2] , lacunar infarction [2] , altered state of consciousness [1] and depressed level of consciousness [1] ), metabolism and nutrition disorders in four (0.27%; dehydration [3] and hyponatremia [1] ), infections and infestations in three (0.20%; pyelonephritis [2] , pneumonia [1] and muscle abscess [1] ), cardiac disorders in two (0.13%;
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Uncollectible eCRF n = 25 The three patients who developed cerebral infarction were a 67-year-old man, an 84-year-old man and a 76-year-old man, all with no past or present cardiovascular or cerebrovascular disease. The cerebral infarction occurred at 12 and 18 days, and 3 weeks after treatment initiation, and resolved 7, 15 and 18 days later, with sequelae for the latter two patients, respectively. The two patients who developed lacunar infarction were an 80-year-old woman and a 68-year-old man, both with no past or present cardiovascular or cerebrovascular disease. The lacunar infarction occurred at 16 and 6 weeks after treatment initiation and resolved 9 and 57 days later, respectively. Two deaths occurred during the follow-up period. The causal relationship with tofogliflozin was denied by the physician. The first patient was a 92-year-old woman with pancreatic cancer and chronic heart failure, and she died of pancreatic cancer on an unknown date. The second patient, an 84-year-old man with cerebral infarction, had died suddenly at 101 days after treatment initiation.
Adverse drug reactions of special interest are summarized in Table 3 . Polyuria/pollakiuria occurred in 33 patients (2.2%), within the first 4 weeks for 15 patients (45.5%), at 4-8 weeks for nine patients (27.3%) and after 8 weeks for nine patients (27.3%). Among them, three patients with pollakiuria had received diuretic therapy (loop diuretic for all of them), and none of those with polyuria had received diuretic therapy. Volume depletion-related events occurred in 35 patients (2.3%), within the first 4 weeks for 16 patients (45.7%), at 4-8 weeks for 10 patients (28.6%) and after 8 weeks for nine patients (25.7%). Three of these patients were receiving diuretic therapy In the safety analysis set including 1,506 patients, 254 adverse drug reactions were reported in 178 patients (incidence rate: 11.82%). Adverse drug reactions were coded using Medical Dictionary for Regulatory Activities/Japanese edition (MedDRA/J) version 18.0. The number of patients with adverse drug reactions and tabulated by system organ class and the number of events corresponding to the preferred term. The table lists the adverse drug reactions (by preferred term) reported in two events or more.
(loop diuretic [1] and thiazide [2] ), and all of them developed the events within the first 2 weeks. Urinary tract and genital infections occurred in 20 (1.3%) and 17 (1.1%) patients, respectively. No consistent trend was seen in the time of onset for either adverse drug reactions. Women were significantly more likely to develop both urinary tract and genital infections than men, with the male-to-female ratio being 2:18 (P = 0.0005) and 2:15 (P = 0.0026), respectively. One of the reported events of urinary tract infection was serious pyelonephritis, which improved after discontinuation of tofogliflozin. For genital infection, all were non-serious, and all but one resolved with continued treatment or after treatment interruption or other actions, with the remaining one not resolved. Skin disorders occurred in 22 patients (1.5%), nine of whom (40.9%) experienced the event within the first 2 weeks. None were serious, and the most common were pruritus and rash. Tofogliflozin was discontinued in 18 patients, and the skin disorders resolved in all patients. Hypoglycemia occurred in 11 patients (0.73%), five of whom (45.5%) experienced the event within the first 2 weeks. When the hypoglycemia occurred, nine of 11 patients were receiving concomitant insulin (4) or sulfonylurea (5) therapy. The sulfonylureas included glimepiride 3 mg (1), 2 mg (1) and 1 mg (2), and glibenclamide 5 mg (1). One patient was being treated with tofogliflozin monotherapy, and the hypoglycemia occurred within the first 2 weeks. None of the events of hypoglycemia were serious.
Changes in vital signs and laboratory tests are shown in Table S1 . The mean bodyweight significantly decreased from 67.48 kg (12. 54 kg) at baseline to 65.59 kg (12. 23 kg) at 12 weeks (LOCF), and the mean change was -1.94 kg (2.43 kg) (P < 0.0001). Patients with a baseline BMI of <22 (n = 88), ≥22 to <25 (n = 183), ≥25 to <30 (n = 387) and ≥30 kg/m 2 (n = 181) had a mean change of -1.21 kg (1.56 kg), -1.60 kg (1.87 kg), -1.85 kg (1.95 kg) and -2.77 kg (3.94 kg), respectively. Thus, the reduction in bodyweight tended to be greater in patients with a higher baseline BMI, but even those with a baseline BMI of less than 22 kg/m 2 had a mean reduction of more than 1 kg.
The frequency of adverse drug reactions was examined according to age and the level of renal function. Among patients aged ≥65 to <75 years (n = 1,005) and those aged ≥75 years (n = 501), the number of patients who developed one or more adverse drug reactions was 124 (12.34%) and 54 (10.78%), respectively (Table S2 ). The corresponding number for serious adverse drug reactions was nine (0.90%) and seven (1.40%). When stratified by renal function, the number of patients who developed one or more adverse drug reactions was two (10.53%), 16 (17.20%), 31 (12.86%), 72 (12.24%), and 14 (10.45%) among those with a baseline eGFR of <30 (n = 19), ≥30 to <45 (n = 93), ≥45 to <60 (n = 241), ≥60 to <90 (n = 588) and ≥90 mL/min/1.73 m 2 (n = 134), respectively (Table S3 ). The corresponding number for serious Adverse drug reactions were coded using Medical Dictionary for Regulatory Activities/Japanese edition (MedDRA/J) version 18.0. Safety analysis set: 1,506 patients.
adverse drug reactions was one (5.26%), two (2.15%), four (1.66%), four (0.68%) and two (1.49%).
Effectiveness results
The mean HbA1c decreased over time from 7.65% (1.35%) at baseline (n = 1,327) to 7.44% (1.24%), 7.21% (1.07%), and 7.25% (1.16%) at 4 weeks (n = 1,100), 12 weeks (n = 1,152) and 12 weeks with LOCF, respectively, and the mean change was -0.39% (0.94%; LOCF; P < 0.0001). Table 4 shows the changes in HbA1c and bodyweight stratified by baseline eGFR. The reduction in HbA1c was significant in groups with a baseline eGFR of ≥45 mL/min/1.73 m 2 , and tended to be greater in groups with a higher baseline eGFR. The reduction in bodyweight was significant in all groups, and tended to be greater in groups with a higher baseline eGFR.
DISCUSSION
The present post-marketing special drug use surveillance was carried out to investigate the safety and effectiveness of tofogliflozin in elderly patients aged ≥65 years in routine clinical practice. According to the Japan Patient Survey 2011 by the Ministry of Health, Labor and Welfare, elderly patients aged ≥65 years comprise 63.4% of all diabetic patients treated in Japan 11 . Given this situation, this surveillance focusing on the elderly patient population is relevant in clinical practice. In this surveillance, all type 2 diabetes patients aged ≥65 years who started treatment with tofogliflozin during the 3-month period from 23 May to 22 August 2014 in Japan were registered, and we carried out an interim analysis when the data for the first 12 weeks became available for 1,510 patients (safety analysis on 1,506 and effectiveness analysis on 1,395 patients). Of note, although the surveillance included all elderly patients treated with tofogliflozin and did not select them based on special factors, the study population was selected to some extent as a population with characteristics suitable for treatment with SGLT2 inhibitors, with nearly half of the patients having a BMI of ≥25 kg/m 2 . The present study population had a mean HbA1c of 7.65% and a mean BMI of 26.8 kg/m 2 , and thus tended to be obese, suggesting that tofogliflozin might have been prescribed with the expectation of not only glycemic control, but also bodyweight reduction.
In the tofogliflozin clinical development program (before marketing approval), adverse drug reactions were reported in 397 of 1,060 patients (37.5%), and the most common events were blood ketone bodies increased (n = 117; 11.0%), thirst (n = 80; 7.5%) and pollakiuria (n = 80; 7.5%) 12, 13 . In the present study, the overall incidence of adverse drug reactions was lower, but the type of adverse drug reactions was similar, with the most common events being pollakiuria (26 events; 1.73%), dehydration (15 events; 1.00%), hypoglycemia (11 events; 0.73%), cystitis (10 events; 0.66%) and nocturia (9 events; 0.60%).
Hypoglycemia, polyuria/pollakiuria, volume depletion-related events, urinary tract infection and genital infection, which were defined as adverse drug reactions of special interest in the present study, are listed as important identified risks in the risk management plan for tofogliflozin. The profile of these categories of adverse drug reactions was generally similar to that for the class of SGLT2 inhibitors reported in the 'recommendations on the proper use of SGLT2 inhibitors' statement. Hypoglycemia occurred in 11 patients (0.7%) in this surveillance. Of them, 10 patients had concomitant medications, and most patients were receiving a combination therapy with sulfonylurea or insulin. When an SGLT2 inhibitor is used in combination with sulfonylurea, it is important to consider the dose reduction of sulfonylurea, as recommended in the recommendation statement.
Polyuria/pollakiuria and volume depletion-related events occurred in 68 patients (4.52%), and these were observed more frequently than other events because of the mechanism of the action of this drug. Apart from thirst, which occurred at a lower incidence (0.4%), this trend is the same as that confirmed in the data before marketing approval. Of the 35 patients who developed volume depletion-related events, three were receiving diuretic therapy. Given the rate of the concurrent use of diuretics in the entire population (153/1,506), it is unlikely that the use of diuretics might have contributed to the occurrence of volume depletion-related events. Cerebral infarction or lacunar infarction developed in five patients. We could not determine whether the occurrence in five patients within the first 3 months was high or low, because this surveillance did not set the control group. If future cerebral infarction cases are accumulated, we will be able to assess patient characteristics that could predict the occurrence of the event in the final analysis. Urinary tract and genital infections occurred more frequently in women than in men. No consistent trend was seen in the time to onset for either adverse drug reaction. The nature of urinary tract and genital infections observed in this surveillance was consistent with that observed for the class of SGLT2 inhibitors in Japan 6 . Skin disorders, another category of adverse drug reactions of special interest, are recognized as the most common adverse drug reactions to the class of SGLT2 inhibitors in the 'recommendations on the proper use of SGLT2 inhibitors' statement, and occurred in 22 patients (1.46%) in the present study. Although it is unknown whether skin disorders are class adverse effects, there seems to be cross-reactivity among SGLT2 inhibitors, and the statement recommends that patients developing skin rash should immediately consult a dermatologist.
For bodyweight, which was assessed as a safety parameter in this surveillance, but is also an efficacy parameter, there was a significant reduction. However, higher BMI was associated with a greater reduction in bodyweight, and patients with a normal BMI had little change in bodyweight, suggesting that the effect of tofogliflozin on bodyweight is not a safety concern. Nevertheless, attention should be paid to bodyweight reduction in patients with lower BMI, because even patients with a baseline BMI of less than 22 kg/m 2 had a mean reduction of more than 1 kg in bodyweight.
For effectiveness, a significant reduction was seen in HbA1c at 12 weeks of treatment. Although the target has not been reached yet (7.21% at 12 weeks), the mean value was gradually decreasing, and thus is expected to decrease further after 12 weeks. This trend was similar to that observed in long-term trials of tofogliflozin in Japanese patients 14 , in which HbA1c gradually decreased during the first 3 months and was maintained at constant low levels thereafter.
Subgroup analyses stratified by renal function showed that the effectiveness in reducing HbA1c and bodyweight was lower in patients with severe renal dysfunction (lower eGFR). It has been suggested that patients with renal impairment are less likely to respond to SGLT2 inhibitors, because urinary glucose excretion depends on eGFR 15 , and for canagliflozin, it has been recommended that the drug should be used in patients with an eGFR ≥45 mL/min/1.73 m 2 . 16 The results of the subgroup effectiveness analyses are consistent with these previous reports. For safety, there was no clear relationship between the level of renal function and the incidence of adverse drug reactions. However, a study of dapagliflozin in patients with type 2 diabetes and chronic kidney disease showed that the incidence of genital infection, bone fractures, and volume depletion-related events was higher in dapagliflozin-treated patients than in placebo-treated patients 17 . With this in mind, we are currently involved in the final analysis of data collected for 52 weeks to determine the safety of tofogliflozin in elderly patients with renal impairment.
The present analysis had some limitations. This was only an interim analysis of an observational study at 12 weeks after treatment initiation. The data presented are not definitive, and it is possible that new trends might become evident in the final analysis at 52 weeks. The results at 12 weeks might also be changed based on a review and correction of data, including physician's assessment.
In conclusion, we present a 12-week interim analysis of a surveillance to investigate the safety and effectiveness of tofogliflozin in real-world elderly patients with type 2 diabetes aged ≥65 years. The analysis showed the adverse drug reaction profile during the early post-marketing period with respect to polyuria/pollakiuria, volume depletion-related events, urinary tract infection, genital infection, hypoglycemia and skin disorders. The final analysis at 52 weeks is currently underway.
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